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METHOD AND APPARATUS FOR SWITCHING DATA BETWEEN 
BITSTREAMS OF A TIME DIVISION MULTIPLEXED NETWORK 

Technical field of invention 

The present invention refers to a method and an 
apparatus for switching data between a set of input 
bitstreams and a set of output bitstreams in a circuit 
5 switched time division multiplexed network, each of said 
bitstreams being divided into recurring frames and each 
of said frames being divided into time slots. 

Technical Background and Prior Art 
10 Today, new types of circuit switched communication 

networks are being developed for the transfer of informa- 
tion using time division multiplexed bitstreams, wherein 
the bitstreams of the network are divided into recurrent, 
typically fixed size frames, each frame in turn being 
15 divided into time slots. 

An example of such a network, referred to as a DTM 
(Dynamic synchronous Transfer Mode) network, is described 
in "The DTM Gigabit Network", Christer Bohm, Per 
Lindgren, Lars Ramfelt, and Peter Sjodin, Journal of High 
20 speed Networks, .3 (2) :109-126, 1994, and in "Multi-gigabit 
networking based on DTM", Lars Gauffin, Lars H^kansson, 
and Bj6rn Pehrson, Computer networks and ISDN Systems, 
24(2) :119-139, April 1992. 

In such a network, so called switch nodes, each 
25 connected to at least two bitstreams, are used to switch 
time slot data between different bitstreams, more speci- 
fically between time slot positions on different bit- 
streams. If, for example, a circuit (or "channel") is 
defined by a first set of time slot positions on a first 
30 bitstream and a second set of time slot positions on a 
second bitstream, a switch node is typically used to 
transfer or copy time slot data from the first set of 
time slot positions to the second set of time slot 
positions . 
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According to prior art, switches in circuit switched 
time division multiplexed networks use control memories 
that maps incoming slot positions to an outgoing slot 
positions. Such mapping may involve both a mapping in the 
5 time domain, i.e. control of the order in which time slot 
data are written into each bitstream, and a mapping in 
the space domain, i.e. controlling which time slot data 
goes to which bits tream. For general background, so- 
called time- space- time (TST) switches are described in 

10 "Data and Computer Communications", 4th ed. , by Williams 
Stallings, Macmillan Publishing Company. 

As an example of a prior art switches, US 4 005 272 
(Collins et al.), describes a switch apparatus wherein 
incoming bitstream frames are stored in respective inlet 

15 memories and wherein outgoing bitstream frames are stored 
in respective outlet memories. Based upon information 
provided in a plurality of control memories, time slot 
data stored in said inlet memories are transferred to 
said outlet memories via a space switch. A first control 

20 memory is used to designate the inlet memory entry that 
is currently connected to the space switch, thereby 
providing a time switching function at the inlet port. 
Another control memory is used to designate the outlet 
memory entry that is currently connected to the space 

25 switch, thereby correspondingly providing a time 

switching function at the outlet port. Also, further 
control memories are provided to control which cross- 
connections that are to be made over time within the 
space switch. 

30 A disadvantage of switch nodes of the above mentio- 

ned kinds is that they do not allow arbitrary communica- 
tion between input and output ports, i.e. they show limi- 
tation as to the possibilities of arbitrary switching 
time slots in space and time, which consequently also 

3 5 limits switching speed and capacity. Because of the ope- 
ration features of a space switch of the kind used in, 
e.g., US 4 005 272, any-to-any switching is typically 
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rendered impossible- In most cases, a first selection of 
mapping of a specific input time slot position to a 
specific output time slot position will directly imply 
restrictions as to a second selection of further mapping. 
5 This of course also limits the possibilities of providing 
space and time multicasting and/or broadcasting. 

Furthermore, in prior art, input and output ports 
are connected together using a shared mediiam that is 
required to handle the aggregated switching capacity of 
10 the input ports to not provide blocking. This typically 
requires switch internal processing at a bit rate of 
several times the bit rate of the network bitstreams, 
which of course limits the scalability of such a design. 

15 Objects of the invention 

An object of the invention is to provide a switching 
apparatus and method that provides greater freedom as to 
the possibilities of arbitrary switching time slots in 

space and time. 

20 Another object of the invention is to provide a 

solution that efficiently handles time and space multi- 
casting and broadcasting channels. 

Another object of the invention is to provide a 
simple and fast mechanism for switching between multiple 

25 incoming and outgoing bitstreams being arbitrary phase 
shifted. 

Another object of the invention is to increase the 
general switching speed and capacity. 

Yet another object of the invention is to provide a 
30 scaleable switching system, wherein smaller switches may 
easily be integrated into forming larger switches. 



Summary of the invention 

The above mentioned and other objects are achieved 
35 by the invention as defined in the accompanying claims. 

According to the invention, there is provided a 
method and an apparatus for switching data between a set 
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of input bitstreams and a set of output bitstreams in a 
circuit switched time division multiplexed network, each 
of said bitstreams being divided into recurring frames 
and each of said frames being divided into time slots. 
5 The input bitstreams are received sind the frames thereof 
are temporarily stored in a set of memory means {for 
simplicity referred to below as a set of frame buffers) . 
Each frame buffer is used for temporarily storing frames 
of a respective bitstream of said input bitstreams . For 
10 each frame of each one of said output bitstreams and in 
sequence accordance with the order that said time slot 
data is to be transmitted therein, time slot data is 
selectively read from frames temporarily stored in said 
set of frame buffers. Said time slot data, as selectively 
15 read from said frame buffers, are then transmitted into 
allocated time slots of said output bitstreams. 

Consequently, in a switch embodying the invention, 
each input port is associated with a respective frame 
buffer for temporary storing of frames that are received 
20 at said input port. All output ports can, independently 
of one another, read data from any one or more of said 
frame buffers in a non-blocking manner. A full switch 
thus comprises a set of frame buffers, each being arreui- 
ged in a 1- to-many (one input to many outputs) fashion. 
25 According to the invention, time and space switching 

is advantageously accomplished in one single integrated 
step by the selective reading of data from the frames 
that are stored in said set of frame buffers, only requi- 
ring one single read control function (for example imple- 
30 mented using a so called slot mapping table) for control- 
ling said selective reading for each output bitstream. 

Furthermore, as each input bitstream is written into 
a respective frame buffer, and time slot data from the 
output bitstreams are read out from said frame buffers as 
35 requested for output, a switch according to the invention 
will only have to be able to operate at a rate essential- 
ly corresponding to the bitstream bit-rate. However, this 
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does not prevent the invention from being used in rela- 
tion to memory means operating at a bit-rate exceeding 
wire speed. 

Also, using the invention, no multiplexing of time 
slots from different bit streams is needed at the input 
side (or corresponding demultiplexing at the output side) 
of the memory means, in contrast to what is often 
encountered in prior art. 

According to a preferred embodiment of the inven- 
tion, said frame buffers are realized by means of multi- 
ported random access memories (RAM) , which allows inser- 
tion and retrieval to be performed independently and 
without phase synchronization. 

By using RAMs with multiple read ports, each output 
15 bitstream will, independently of others, retrieve its own 
time slot data and preferably collect it using lines 
private to said output bitstream, thus providing a non- 
blocking operation. Therefore, there is no need for 
mutual exclusion or complicated reservation schemes on a 
shared resource. It also follows that the concept does 
not require a higher communication speed in any part of 
the design compared to the speed at which each line 
receives input or transmits output. Consequently, a 
switch embodying the invention will show a significant 
25 freedom of operation with respect to the possibilities of 
arbitrary switching of time slots in time and space as 
compared to prior art switches. 

As is understood, a multi-ported random access 
memory as suggested above may provide a plurality of 
30 actual physical read ports or, for example, one single 
physical port that in turn provides a plurality of 
virtual read ports (one private to each output port) , as 
long as the memory means provides support for a selective 
read access (in the time slot sequential order of the 
35 respective output frame) to the output ports as suggested 
according to the invention. Consequently, as mentioned 
above, operation within the memory means as such may 



20 
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still, if so desired or required, use a bit rate that 
exceeds the bitstream bit-rate. 

As the frame buffers are repeatedly updated at a 
high rate, an implementation based on dynamic RAM (DRAM) 
5 can be envisaged without a need for memory refresh. 

As mentioned, according to a preferred embodiment of 
the invention, all output ports read data from said set 
of frame buffers independently of one another, and the 
time slot data is preferably transferred from said frame 
10 buffers to the output ports on lines private to each 
output port. 

Typically, each one of said frame buffers will 
comprise a plurality of time slot data entries, wherein 
each time slot data entry of a frame buffer is arranged 
15 to store time slot data from a respective recurring time 
slot position in the sequence of time slots of the input 
bitstream that is associated with said frame buffer. 

Since time slot data may be read from any time slot 
entry of said frame buffers to different output ports, 
20 the mechanism for broadcasting and multicasting (i.e. 

sending data from one input port to several output ports) 
is implicitly provided. 

Preferable, a switch apparatus according to the 
invention comprises means, for example in the form of a 
25 control memory (*^slot mapping table"), for providing, for 
those time slots of a frame of each output bitstream that 
are allocated to receive time slot data from the input 
bitstreams, each one thereof with a respective identifi- 
cation of an associated time slot data entry of said 
3 0 frame buffers, said time slot data entiry providing the 
time slot data for the respective allocated time slot. 

Such an identification may for example be an identi- 
fication uniquely identifying a frame buffer and an entry 
thereof providing the time slot data to be transmitted 
35 into the output time slot associated with said identifi- 
cation, an identification stating that write access to 
the corresponding output time slot does not belong to the 
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switch and that the output time slot shall not be provi- 
ded with time slot data from said input bitstream, an 
identification that an idle pattern shall be generated by 
the switch and transmitted into the corresponding output 
5 time slot, or an identification that time slot data 

received from another switch shall be transmitted into 
said corresponding time slot. Thus the designation of 
where from to collect data for each output time slot 
provides several new possibilities for switching data. 
10 For example, the latter of the four exemplified types of 
identifications above makes it possible to connect 
several switches in a simple manner into forming a larger 
switch, thereby increasing the switching possibilities 
without essentially complicating implementation. 
15 ' Preferably, each input frame buffer has capacity to 

hold three sequential frames of the input bitstream in 
respective frame storage areas, also referred to as frame 
pages or columns, of said frame buffer. The use of three 
frame pages per input bitstream is meant to ensure 
20 switching consistency, i.e. making sure that the selec- 
tive reading from a frame or page does not take place 
before the input writing of that specific frame or page 
is completed. According to the preferred embodiment, one 
page is needed to enable re-mapping of time slot in the 
25 time domain, another one is needed for parallel storage 
in a double buffering fashion, and the third page is 
needed to handle any frame phase difference between the 
input port writing into said frame buffer and the output 
ports reading from said frame buffer, a difference which 
3 0 is constrained to one page as a result of the general 
synchronization of, for example, a DTM network. 

Each one of the input and output ports is typically 
controlled by a respective frame synchronization signal, 
which in turn advances internal pointers to identify the 
35 frame page currently used for writing (at an input port) 
or the frame pages that are currently used for reading 
(at an output port) , The time slots of an input bitstream 
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is written into storage in sequential order, while the 
outputs are read from said frame buffers using random 
access among the entries of the pages currently selected 
for selective reading. 
5 Time slots and frames are hence clocked using clock 

and frame synchronization signals local to each port, and 
the frame buffers are accessed by the ports according to 
the respective local frame synchronization. An underlying 
assumption is that the frame synchronization signals 

10 never have a skew, i.e. a phase difference between an 

input bitstream and an output bitstream, of more than one 
frame, i.e. there is no accumulated frame difference 
(drift) , which is a criteria that is accomodated in, for 
example, a DTM network, .the invention therefore being of 

15 special intererst in such a network. 

The frame synchronization of an input bitstream 
preferably controls a write slot counter, which advances 
a write pointer designating a time slot entry of the 
respective frame buffer to the next time slot entry upon 

20 each received time slot (Upon frame synch, the write slot 
counter is preferably reset to start at the lowest slot 
in the next frame) . The frame synchronization of the 
input bitstream preferably also controls a write page 
select block, one designating a page of the respective 

25 frame buff er , which enables one of the three frame pages 
of the buffer for write access. (Upon frame synch, the 
next frame page is selected in a circular fashion.) 

The frame synchronization of an output bitstream 
preferably controls an output slot counter, which at each 

3 0 output time slot advances a pointer in said time slot 

table for deriving information as to v/here time slot data 
for the subject output time slot is to be collected. 
(Upon frame synch, the output slot counter is preferably 
reset to start at the lowest slot in the next output 

3 5 frame) . The frame synchronization of the output bitstream 
preferably also controls a read page select block, which 
selects which frame pages, of respective frame buffers. 
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that may currently be used for selective read access. 
Upon frame synch, the next page is selected in a circular 
fashion . 

Accordingly, one advantage of the invention is that 
5 control of the operation at each port of the switch is 

provided by a frame synchronization local to each respec- 
tive port, thus eliminating the need for providing comp- 
licated cross-related synchronization mechanism between 
the different input and output ports. 
0 According to a further developed embodiment of the 

invention, said read page selection is also controlled by 
a so called page offset and bypass feature, as activated 
on a slot per slot basis by the slot mapping table. The 
■ bypass mode provides the option to gain read access one 
L5 frame ahead of the actual read access pointer, which re- 
'■ duces the latency through the switch but puts constraints 
'" on the slot allocation in order to ensure that no access 
conflict or inconsistency occurs during time domain re:- 
mapping . 

20 According to yet another embodiment of the inven-- 

tion, a mechanism for performing automatic updates of the 
slot mapping tables is provided, i.e. to simultaneously 
update more than one time slot table and more than one 
time slot entry thereof in a fashion which preserves 

2 5 consistency. 

A preferable implementation of switching according 
to the invention is in a DTM network. The basic topology 
of a DTM network is preferably a bus with two unidirec- 
tional, multi-access optical fibers connecting a number 
30 of nodes. Note, however, that the topology may just as 
well be realized by any other kind of structure, e.g. a 
ring structure or a hub structure. 

The bandwidth of each wavelength on the bus , i.e. 
eachbitstream on each fiber, is divided into fixed 
35 length, typically 125 , frames which in turn are 

divided into fixed size, typically 64 bit, time slots. 
The niomber of slots in a cycle thus depends on the net- 
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work's bit-rate. The time slots are divided into two 
groups, control slots and data slots. Control slots are 
used for transferring of signaling messages between said 
nodes for the network's internal operation. The data 
5 slots are used for the transfer of data between end users 
or applications using said nodes for access to the DTM 
network . 

The nodes of the DTM network is typically arranged 
to dynamically establish, modify, and terminate channels 

0 on said bitstreams by dynamically allocating selected 

time slots to the respective channel. Hence, the alloca- 
tion of both time slots and data slots to different nodes 
or end users may by dynamically adjusted as network load 
changes. As is understood, there is essentially no header 

.5 or address inforraation embedded in the data slots in this 
kind of circuit switching. 

For a more detailed description of the DTM techno- 
logy, reference is made to the above mentioned references 
"The DTM Gigabit Network" and "Multi-gigabit networking 

!0 based on DTM" . 

The above mentioned and other aspects and features 
of the invention will be more fully understood from the 
following description, with reference to the accompanying 
drawings, of exemplifying embodiments thereof. 

>5 

Brief Description of the Drawings 

Exemplifying embodiments of the invention will now 
be described with reference to the accompanying drawings, 
wherein: 

3 0 Fig. 1 schematically shows a switch apparatus per- 

forming time and space switching of time slot data; 

Fig. 2 schematically shows a switch apparatus 
according to an embodiment of the present invention; 

Fig. 3 schematically shows an embodiment of a slot 
3 5 mapping table of the kind used in the switch shown in 
Fig. 2; 

Fig. 4 schematically shows a frame page selection 
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mechanism used at each input and output port of a switch 
according to a preferred embodiment of the invention; 

-Figs. 5a and 5b schematically show page offsets in 
full re-mapping mode and in bypass mode, respectively; 
5 Fig. 6 schematically shows a portion of a switch 

apparatus according to an alternative embodiment of the 

invention; and 

Figs. 7, 8a and 8b schematically show a mechanism 
for updating the slot mapping tables of the kind shown in 
10 Fig. 3. 

Detailed Description of Preferred Embodiments 

In Fig. 1, a switch apparatus Sw for switching data 
between a set of input bitstreams and a set of output 
15 bitstreams in a circuit switched time division multi- 
plexed network, each of said bitstreams being divided 
into recurring frames and each of said frames being 
divided into time slots. More specifically, the switch 
apparatus Sw in Fig. 1 is provided to switch time slot 
20 data from time slots Ao-An, Bo-Bn of frames of input 

bitstreams A and B in time and space to time slots of 
frames of second bitstreams C and D. As is shown in Fig. 
1, an output frame of the bitstream C consists of data 
transferred from any selected one or more of the input 
25 bitstreams A, B and from selected arbitrary input time 

slots thereof. The occurrence of Ao in the frames of both 
output bitstreams C and D corresponds to multicasting the 
content of the Ao input slot to both the C and D output 
bitstreams, but to different slots in the outgoing frame. 
30 A switch apparatus according to an exemplifying 

embodiment of the invention will now be described with 
reference to Fig. 2. In Fig. 2, the switch Sw, receives 
time slot data from four input bitstreams 1-4 and trans- 
mits time slot data to four output bitstreams 5-8. Accor- 
35 dingly, the switch Sw comprises four input medixam access 
units 21-24 and four output medium access units 65-68 
providing access to the respective bitstreams. 
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Each input medium access unit 21-24 is arranged to 
write each frame received from the respective bitstream 
into a respective frame buffer 31-34. Each frame buffer 
31-34 has capacity to store three sequential frames of 
5 the respective bitstream in three corresponding frame 
storage areas or pages, 31a-31c, 32a-32c, 33a-33c, and 
34a-34c, each page having capacity to store one frame. 
For example, the frame buffer 31, which temporarily 
stores each frame received from the bitstream 1 via the 

10 input medium access unit 21, will sequentially store a 

first frame in frame page 31a, the next (second) frame in 
frame page 31b, and the following (third) frame in frame 
page 31c, Then, the following (fourth) frame will be 
stored again using frame page 31a, thus overwriting the 

15 previously stored first frame. Also, note that the time 
slot data from the time slots of a frame are written 
sequentially into corresponding time slot data entries of 
the respective frame pages, i.e. one data entry for each 
input time slot. 

20 At the same time, four time slot data selection 

units 45-48, which, as illustrated in embodiments to be 
described below, may be provided, e.g., in the form of 
multiplexors or tri-state buses, are arranged to select 
time slot data to be transmitted into the respective 

25 output bitstreams 5-8 by deciding, for each output time 
slot to be transmitted into the respective output bit- 
streams, which frame buffer, and frame page thereof, and 
time slot data entry thereof (i.e. among the presently 
stored time slot data from all four input bitstreams 1-4) 

3 0 that time slot data slot is to be collected, or passed 
on, to the respective output bitstream. Hence, each 
selection unit 45-48 is connected to all four frame 
buffers 31-34 for the selection and collection of time 
slot data therefrom. 

3 5 In order to know which frame buffer, page and entry 

thereof to be used for a specific output time slot, each 
selection unit 45-48 has access to a respective slot 
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mapping table 55-58, which will be described in more 
detail below with reference to Fig. 3 and which, for each 
time slot of the respective output bitstream frame and at 
a respective entry, provides one field 55a-58a designa- 
5 ting the frame buffer and one field 55b-58b designating 
the entry thereof to be used for reading time slot data 
for the output time slot. The output time slot entries of 
the slot mapping tables 55-58 is preferably stored in the 
time sequential order of the corresponding output frame, 
10 and each slot mapping table is stepped through once each 
frame of the respective bitstream. 

Hence, when reading time slot data for the first 
time slot in each frame of bitstream 5, the selection 
unit 45 will access the. first entry of the slot mapping 
15 table 55, more specifically the first data field of the 

column 55a and the first data field of the column 55b, to 
derive information as to which one of the four* frame ' 
buffers and which entry thereof that time slot data is' to 
be collected for the first output time slot of the frame 
20 of the bitstream 5. Also, the selection unit 45 will 

control the selection of which frame page of each frame 
buffer 31-34 that is to' be used for reading time slot 
data for the frame currently being transmitted into the 
bitstream 5, as will be described in more detail below. 
25 Accordingly, the selection unit will pick time slot data 
in given output order for each output bitstream time slot 
that is set to receive time slot data. Of course, the 
switch Sw will only transmit time slot data into those 
slots of the output bitstream allocated for that purpose. 
3 0 An embodiment of a slot mapping table of the kind 

discussed above with reference to iri Fig. 2, (and below 
with reference to Fig. 7), will now be described with 
reference to Fig. 3. The slot mapping table is a table in 
which the allocated channels are defined. As shown in 
3 5 Fig. 2, there is preferably one slot mapping table for 
each output bitstream. The slot mapping table shown in 
Fig. 3 is one frame deep and contains four logical memory 
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areas or columns 12-18, each column comprising a number 
of fields corresponding to the number of time slots in 
the output frame, so that each entry, comprising one 
field from each column, uniquely identifies an input 
5 bitstream and a time slot thereof for each output time 
slot. The first column 12 identifies the time slot 
position in the outgoing frame. Each field of the second 
column 13 (also schematically illustrated at 55a in Fig. 
2) defines an input bitstream (or input frame buffer), 

10 and each field of the third column 16 (also schematically 
illustrated at 55b in Fig. 2) defines a time slot thereof 
(or a frame buffer data entry thereof) , and the fields of 
the fourth column 18 define a frame page offset that will 
be discussed more in detail below with reference to Figs. 

15 4, 5a/ and 5b. For each sequential output slot, i.e. for 
each sequential entry of the slot mapping table, the slot 
mapping table thus defines the slot schedule in the 
output frame, and incorporates switching in both the time 
and space domains . 

20 The entries of the slot mapping table are scanned in 

sequential order once every outgoing frame, to define the 
mapping of each output time slot thereof, and the output 
of the slot mapping table directly designates the associ- 
ated time slot data from the frame buffers. Thus, only a 

25 simple counting mechanism, as will be discussed below, is 
required for the generation of sequential addresses to 
the slot mapping table, which translates those into ran- 
dom references used for data retrieval in the buffers. 
Thus, using the exemplifying slot mapping table 

30 shown in Fig. 3, the first time slot of each output frame 
associated with the shown slot mapping table will contain 
time slot data from the fifteenth time slot of each frame 
of the third input bitstream, the second output time slot 
will not be provided with data from any incoming bit- 

35 stream, optionally resulting in the writing of an idle 

bit group if write access to the second output time slot 
is allocated for use by the switch apparatus, time slot 
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data for the third output time slot will be fetched from 
the 3988 :th time slot of each frame of the second input 
bitstream, and so on. 

A frame page selection mechanism to be used at each 
5 input and output port will now be described with refer- 
ence to Figs. 4, 5a, and 5b. The input of time slot data 
to the frame buffers, as well as the selective reading of 
output time slot data using the slot mapping tables, are 
each controlled by separate and independent frame synch- 
.0 ronization signals, derived from or defined for the res- 
pective bitstreams, which together make the switch con- 
sist of N (number of inputs) plus M (number of outputs) 
clocking domains. The frame synchronization signals are 
used to advance respective writing or reading pointers 
15 that select frame pages in the respective frame buffers. 

For each bitstream, i.e. one for each input and one 
for each output, a respective pointer block 100, schema- 
tically illustrated in Fig. 4, clocked by the respective 
frame synchronization signal Frame_Synch, is used to 
0 control which frame page, of the respective frame buffer, 
that is addressed for frame writing or selective reading. 
In each pointer block 100, a free running counter 102 
increments the selected frame page address, in a modulo~3 
fashion on every reception of the respective frame synch- 
25 ronization signal, thus sequentially providing the frame 
page pointer addresses 0, 1, 2, 0, 1, 2, and so on. 

Each pointer iDlock 100 also receives a page offset signal 
(for example as given by the values provided in the 
fourth column 18 of the slot mapping table in Fig. 3) 
3 0 having a value which is added (also in modulo- 3 fashion) 
to the value of the free running counter in a modulO-3 
adder 104 to provide a resulting frame page select 
signal, as will be discussed further below with reference 
to Figs. 5a and 5b. 
35 The sequential designation of frame pages of a frame 

buffer for the writing of frames of the respective bit- 
stream there into is accompanied by a corresponding 
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sequential designation of frame pages of the frame buf- 
fers for the selective reading of time slot data there- 
from. For each frame buffer there will be provided one 
write pointer (associated with the writing of the respec- 
5 tive input bitstream) and M read pointers (each associa- 
ted with the selective reading for the respective output 
bitstream, M being the number of output bitstreams) 

It is important that the designation of frame pages 
for writing and the designation of frame pages for selec- 

10 tive reading are performed so that buffer consistency is 
maintained to avoid reading time slot data of a frame 
before the writing thereof is completed. Such consistency 
is achieved by the use of three frame pages storage for 
each bitstream frame buffer, thus making it possible to 

15 always keep a minimum distance of half a frame between 
the writing and reading of each time slot data, as will 
be discussed further with reference to Figs. 5a and 5b. 

In the pointer block 100 of Fig. 4, when used at an 
output port for the selective reading of frames, the free 

20 running counter frame page address is optionally modified 
by the provision of a page offset signal received from 
the slot mapping table, as mentioned above with reference 
to Fig. 3. The frame page offset signal is derived from 
the frame page offset column (18 in Fig. 3) of the slot 

25 mapping table and modifies the address of the pointer 

block by the adding of an offset thereto, also in modulo- 
3 fashion, to form an offset page address. Hence, the 
frame page offset signal is specified on a per slot basis 
depending on frame synchronization phase skew (i.e. the 

30 phase difference between the frames of the input and 
output bitstream), and access restriction criteria. 
Access restrictions are restrictions imposed on the time 
switching to reduce the latency through the switch at the 
cost of limiting the possible time re-mapping. The frame 

3 5 synchronization phase skew is in the range -1 < skew < 1, 
expressed as a part of a total frame. 

Fig. 5a shows the assignment of page offsets during 
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so called full re-mapping, i.e. when no access restric- 
tions apply, which is also called a standard or normal 
mode. In Fig. 5a, it is assumed that the frame page 
offset of the pointer block for the writing of an input 
5 bitstream, designating the sequential selection of frame 
buffer frame page, is set to 2, meaning that after the 
reception of the next frame synchronization signal of the 
input bitstream, the writing will shift to actual buffer 
frame page 0 ( = 2 + 1 in modulo-3). The selective reading 

10 from the frame buffer may then access memory areas using 
either 0 or 1 as page offset alternatives depending on 
the frame synchronization phase skew. When operating at a 
negative phase skew, meaning that the frame synchroniza- 
tion signal of the output bitstream appears before that 

15 of the input bitstream, the page offset is set to 0 (the 
bottom-left alternative pointer arrow in Fig. 5a) . Thus, 
the selective reading will always have time to jump to 
the next frame page and will not be caught up by the 
writing pointer later moving into a new frame page. When 

20 operating at a positive phase skew, i.e. when the output 
bitstream frame synchronization signal arrives after the 
input bitstream frame synchronization signal, the page 
"offset is set to 1 (the bottom-right alternative pointer 
arrow in Fig. 5a) . As is understood, this corresponds to 

2 5 adding one frame page (one frame) buffer margin between 

the writing and the reading. Also, these assignment rules 
ensure that when the read frame page pointer advance to a 
new page, the write updating of the frame page will al- 
ready be completed. It also means that the update writing 

3 0 pointer will not wrap around and catch up by entering the 

frame page that is being read before the read pointer has 
continued to the next frame page. 

Fig. 5b shows the assignment of frame page offsets 
in a so called bypass mode, which may be actuated by the 
3 5 data of the fourth coliimn 18 of the slot mapping table in 
Fig. 3 . As is understood, in the normal mode, as discus- 
sed above with reference to Fig. 5a, the switch allows 
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full re-mapping of data from first incoming slot to last 
outgoing slot and vice versa, but that requires buffering 
not only a write page and a read page but also one extra 
frame (the third page) to guarantee consistency, which 
5 hence introduces propagation latency through the switch. 
In the bypass mode, the latency through the switch may be 
reduced by one frame for one or more time slots of the 
frame at the cost of restrictions in the time re-mapping, 
as is discussed below. Hence, in the bypass mode shown in 

10 Fig. 5b, the normal mode page offset of Fig. 5a is tempo- 
rarily incremented by one (1) for individual one or more 
time slots of a frame, which consequently allows the 
write and the selective readers to temporarily use the 
same page, as is illustrated in Fig. 5b by the shifting 

15 of the alternative read pointer arrows one step to the 
right as compared to Fig. 5a. 

Of course, this bypass mode may only be allowed 
under the restriction that the selective reader does not 
read ahead of the sequential writer, which is ensured if 

2 0 no outgoing time slot, of an output bit stream, receives 

data from an incoming time slot, of an input bitstream, 
having a higher time slot sequence number. Thus, outgoing 
slot #9 may use the bypass mode to reduce latency through 
the switch when reading data from an incoming slot #3, 

25 but outgoing slot #3 may not use the bypass mode to read 
data from an incoming slot #9. 

In fact, this requirement for bypass may be relaxed 
when taking the actual skew into account. For simplicity, 
it is now assumed that the skew is expressed in time 

30 slots. When the skew is positive, i.e. when the frame 
synchronization signal of the input bitstream appears 
before that of the output bitstream, (the writing synch 
is ahead of the selective reading synch) , the skew may be 
used to allow reading of time slot data for output time 

3 5 slots from input time slots with higher sequence numbers, 

as long as the switch does not references ahead further 
than the skew. With negative skew, i.e. when the frame 
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synchronization signal of the output bitstream appears 
before that of the input bitstream (the writing is ahead 
of the selective reading) , the normal mode have already- 
added a margin of one frame, which means that if the skew 
5 is almost zero but negative, almost full bypass re~ 

mapping is allowed. In the other hand, when the skew is 
almost minus one frame, no bypass reference ahead is 
allowed. This is concluded in the Table I below. 

0 Table I 



MODE 


SKEW 


LATENCY 


MAPPING 

CONSTRAINTS 


Standard 


Positive 


1 Frame + Skew 


None 


Standard 


Negative 


2 Frames - ABS(Skew) 


None 


Bypass 


Positive 


Skew 


Input slot #' - 
Output slot # < 
Skew 


Bypass 


Negative 


1 Frame - ABS(Skew) 


Input slot # - 
Output slot # < 
skew 



As is understood, the frame synchronization and page 
select mechanisms described with reference to Figs. 4, 

15 5a, and 5b are preferably used in the embodiment of Fig 
2, although such element are not explicitly shown there- 
in, and is also incorporated in the embodiment described 
below with reference to Fig. 6. 

Another embodiment of a switch according to the 

2 0 present invention, incorporating the features described 
with reference to Figs. 2, 3, 4, 5a, and 5b above, will 
now be described with reference to Fig. 6, wherein a 
switch apparatus Sw is arranged to switch time slot data 
between N input bitstreams and M output bitstreams. For 

25 ease of description, since the switching from one of the 
N input bitstreams to the M output bitstreams shows the 
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same configuration as the switching of the other input 
bitstreams. and since the selective reading from the N 
input bitstream frame buffers to each one of the M output 
bitstreams show the same configuration, as illustrated in 
Fig. 2, only elements primarily associated with one input 
bitstream and one output bitstream is shown in Fig. 6, 
and the description of the switch apparatus in Fig. 6 is 
thus limited accordingly. 

In Pig. 6, an input bitstream is received at an 
input port 210 of the switch Sw and is provided to an 
input demultiplexer 220. A frame synchronization unit of 
the input port derives the frame synchronization signal 
from the input bitstream and, based thereupon, synchro- 
nizes the operation of a write slot counter 240 and a 
15 write page selecting unit 250. Also, a clock unit of the 
input port 210 is arranged to provide a signal occurring 
at the time slot frequency to the write slot counter 240. 
The write frame page selecting unit 250 is arranged to 
control the demultiplexer 220, at the rate of the frame 
synchronization signal, to have each frame of the input 
bitstream sequentially passed on to one of three frame 
pages (or "memory areas") 300a, 300b, and 300c of a frame 
buffer 3 00 for said input bitstream in a modulo-3 
fashion. While the write page selecting unit 25 0 and the 
25 input demultiplexer 220 control which page of the frame 
buffer that a specific frame of the input bitstream is 
being written into, the write slot counter will control 
which entry of the page that time slot data from each 
specific time slot of a frame is written into. As is 
understood, this described set of components will be 
found at each input bitstream port of the switch Sw. 

The output part of the switch, as shown on the lower 
part of Fig. 6, comprises, for each output bitstream, a 
first set of M output multiplexors 310, a second output 
35 multiplexor 320, an output port 330, an output slot coun- 
ter 350, a slot mapping table 370, a frame page selecting 
unit 380, and an idle slot pattern generator 390. 



20 



30 
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The output port 330 derives a frame synclnronization 
signal, either from the outgoing bitstream (if a synchro- 
nization already exists on said bitstream, said bitstream 
then originating from a node located upstream with 
5 respect to the switch) , or by the internal generation of 
a frame synchronization signal (if the switch is the 
starting point of the outgoing bitstream) . 

The frame synchronization signal is provided to 
synchronize the operation of the output slot counter 350 
.0 and the frame page selecting unit 380. The output port 
also derives a clock signal occurring at the time slot 
frequency to the output slot counter 350. The output slot 
counter 3 50 sequentially addresses the entries of the • 
slot mapping table 370, stepping through the slot mapping 
15 table once for each frame. Thus for a specific output 

time slot of the output bitstream, the output slot coun- 
" ter will point at a respective entry of the slot mapping 
table 370. The slot mapping table will then provide three 
signals based upon the readouts form this entry, as has 
20 been discussed above, one designating the input bitstream 
from which time slot data for the time slot is to be col- 
lected, which signal is sent to the second output multi- 
plexor 320, one designating which time slot in the recur- 
ring sequence of time slots within a frame of the input 
25 bitstream that the time slot data is to be collected, 

which signal is sent to all N frame buffers, and one sig- 
nal designating which page offset is to be used, which 
■ signal is sent to the frame page selecting unit 380, as 
have been discussed above with reference to Figs. 3, 4, 

30 5a, and 5b. 

First, the selected input time slot number for the 
presently processed output time slot, for example input 
slot number i, is provided from the slot mapping table 
370 to each one of the N frame buffers (only one is shown 

3 5 in Fig. 6) in random access, thus causing the readout of 
the i:th entry from each one of the three pages of each 
one of the N frame buffers (thus giving a total readout 
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from 3 X N data fields) . The three readouts of each frame 
buffer is then sent to said first set of output multi- 
plexors 310, each multiplexor 310 receiving time slot 
data from three pages of the associated frame buffer. The 
5 frame page select unit 380 is then arranged to control 

said first set of output multiplexors 310, at the rate of 
the frame synchronization signal, to decide which time 
slot data, corresponding to respective pages, that at any 
given time is to be passed on by the multiplexors 310, 

10 taking into account the presence of any frame page offset 
or bypass instruction as received from the slot mapping 
table. Hence, each of the first output multiplexors 310 
will provide time slot data from one field of the respec- 
tive frame buffer, giving a total of N readouts of time 

15 slot data being passed on to the second output multiple- 
xor 320. In the second multiplexor, it is decided which 
one of said N readouts, i.e. from which bitstream, that 
is to be passed on to the output bitstream, as designated 
by the bitstream selection signal from the slot mapping 

20 table 370. Thus, the slot mapping table 370 and the frame 
page selection unit 380 uses said first and second multi- 
plexors 310, 320 to retrieve a specific selected time 
slot data field from a selected one of the frame buffers. 
Also, as is shown in Fig. 6, an idle slot pattern 

25 and a cascade input are provided to the second output 

multiplexor. Accordingly, the slot mapping table 370 may 
instruct, for any specific time slot of the outgoing 
bitstream, the second output multiplexor 320 to transmit 
an idle slot pattern from the idle slot pattern generator 

3 0 390 to the output bitstream, for example for the second, 
unallocated slot of the slot mapping table of Fig. 3. 
Note, however, that the fact that a time slot is unallo- 
cated does not necessarily mean that an idle pattern 
should be sent, as the slot may very well be allocated to 

35 be used by other nodes attached to the output bitstream. 
In order to accommodate the possibility of connecting 
several switches of this kind into a larger switch, the 
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cascade input may be used. Then, an output bitstream from 
another switch is connected to the cascade input of the 
second multiplexor, thus making it possible to switch 
data from said another switch to the output bitstream of 
the switch Sw, still as controlled by the slot mapping 
table 370. The cascading possibility allows implementa- 
tion of larger clustered switches using a number of 
smaller ones, e.g. the use of four 4x4 switches to imple- 
ment one full 8x8 switch. 

A configuration signal from a node controller cont- 
rolling the updating of the slot mapping table is provi- 
ded thereto, as illustrated by the arrow denoted Config 
in Fig. 6 and as will be described below with reference 
to Figs. 7, 8a, and 8b. 
5 As is understood, this described set of output com- 

ponents 310-390 will be found at each one of the M output 
bitstream ports of the switch, thus for example givirig a 
total of NXM first output multiplexors and a total of M 
second multiplexors . 
0 AS has been described above, at the output from each 

, one of the frame buffers, a first level multiplexor is 

used for selecting data from the three frame pages there- 
' of. The results are then fed to a second level multi- 
plexor to 'select from a specific bitstream (input port). 
>5 This scheme serves the purpose of a) illustrating that 

data is transferred on lines private to each output, thus 
avoiding the need for sharing a common medium, and b) the 
distinct parameters that control the selection : 

Hpwever, considering the hardware cost for routing 
3 0 many wide buses, other building blocks than multiplexors 
may be considered. Therefore, in an alternative embodi- 
ment, a tri-state or a pre-charged bus is used instead of 
the multiplexors to serve the same purpose as the multi- 
plexors but with a much better area utilization. When 
35. using standard random access memory (RAM) modules to imp- 
lement the frame buffers, tri-state outputs are usually 
already included. It should be noted that such an embodi- 
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ment does not require any additional means for mutual 
exclusion. At each instant, the source that is allowed to 
drive the bus is uniquely specified. In such an embodi- 
ment, a signal for enabling a driver is generated from a 
5 decoder block which has the input port (as read form the 
slot mapping table) and the frame page pointer (0, 1, 2) 
as input . 

Similarly, instead of the input demultiplexers pro- 
viding frames of the input bitstream to the respective 

10 frame page of the frame buffer may also be replaced by 
one bus feeding all three pages, wherein a write enable 
signal selects which one is written. 

A procedure for updating the slot mapping tables of 
a switch according to the invention will now be described 

15 with reference to Figs. 7, 8a, and 8b. As the channels or 
time slots to be switched between the different bit- 
streams change due to reallocation of resources, the slot 
mapping tables of the switch is updated either using a 
central unit within the switch or through an external 

20 interface by a computer controlling the switch, such a 
central unit or computer often being referred to as a 
node controller (NC) . In the case of an externally pro- 
vided computer, the external interface is separated from 
the ports of the switch, and the bandwidth for slot 

25 mapping table updates is generally considerably lower 
than the bandwidth of the switch ports . 

A problem when updating slot mapping tables on seve- 
ral outputs with different frame phases is to maintain 
consistency, which for example is required when realloca- 

3 0 ting a multicast channel. One advantageous way of solving 
this problem, v/hich of course is not limited to the up- 
dating of multicast channels on multiple output ports, is 
shown in Figs. 7, 8a, and 8b, wherein Fig. 7 shows three 
updating tables addressed by the node controller. Fig. 8a 

3 5 shows a flow chart of the updating operation of the node 
controller, called global update, and Fig 8b shows a flow 
chart of the updating operation of each one of the slot 
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mapping tables, called local update. 

When starting an updating procedure, step SIO in 
Fig. 8a, the node controller will address updating tables 
410, 420, and 430 shown in Fig. 7, which for example may 
* 5 be provided within the node controller or within the 

switch in communication with the node controller. First, 
in step S20, the node controller will provide tables 430 
(one table 43 0 for each slot mapping table) with a set of 
entries designating which output time slots in the sequ- 
10 ence of output time slots that is to be updated in the 
respective slot mapping table and which corresponding 
data that is to substitute the old data at the respective 
entries of said slot mapping table. Having preset all 
subject updates for all subject slot mapping tables in 
15 this manner, as is decided in a step S30, the node cont- 
roller will instruct the slot mapping tables to update 
their content by setting a set of flags, one for each 
slot mapping table, to one (1) in a table 410 (the table 
410 in Fig. 7 representing indications to four slot- 
20 ' mapping tables) . It also provides a frame select table 

42 0 with information designating at which selected frame, 
in the modulo-3 order of frames, that the slot mapping 
tables shall update their content. 

In correspondence, at the start of each frame, which is 
25 indicated by the reception of a frame synchronization 

signal in step BIO, each slot mapping table will investi- 
gate its flag in table 410, in step B20, to se whether or 
not its slot mapping table shall be updated. If not, i.e. 
if the flag belonging to the slot mapping table is set to 
30 zero (0) , the slot mapping table will proceed to instruct 
the selective readout of time slot data from the' input 
frame buffers in steps B3 0, B40, and B50, in the general 
manner described above. However, if the flag indicates 
that updating is requested, i.e. if the flag belonging to 
3 5 the slot mapping table is set to one (1) , the slot 

mapping table will check the frame select table 420 in 
step B60 to see whether or not the slot mapping table 
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shall be updated at the start of the current frame or at 
the start of a later frame. If the updating shall not 
take place until a later frame, the slot mapping table 
will proceed to instruct the selective readout of time 
slot data from the input frame buffers in the general 
manner described above. However, if the frame select 
table 420 indicates that updating is to take place during 
the present frame, the slot mapping table will start 
processing time slots as usual, but for each time slot 
entry check, in step B70, its updating table 430 to see 
whether or not the entry of the subject time slot is to 
be updated, and if so, update the entry with the informa- 
tion provided in the updating table 430 before executing 
the selective readout. When having stepped through the 
15 entire frame in this manner, the slot mapping table will 
reset its updating flag in table 410, thus informing the 
node controller that its updating is complete. 

Correspondingly, the node controller will repeatedly 
check the updating table 410, in step S50, to see whether 
or not all slot mapping tables have reset their flags. 
Having decided so, i.e. when all the flags of table 410 
have been reset to zero (0), the updating procedure is 
completed in step S60. 

This updating procedure is designed to reduce the 
25 number of resynchronized signals, i.e. signals from other 
clock domains synchronized with one. The selected synch- 
ronization can be based upon one set-reset flip/ flop for 
each output. Each reset is then controlled by the local 
slot mapping table update procedure. 
3 0 In an alternative embodiment, instead of updating 

single time slots of the updating table, the node cont- 
roller may provide data for an entire new frame, thus 
simply instructing the slot mapping tables to switch the 
entire frame of data. However, the mere amount of time 
3 5 slots of a frame may prove this embodiment to be far to 
time consuming as compared to only updating a subset of 
time slots. 
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Even though the invention has been described above 
with reference to exemplifying detailed embodiments 
thereof, different modifications, alterations and 
combinations of the features disclosed herein may be 
5 made, as is understood by those skilled in the art, 

within the scope of the invention, which is defined by 
the accompanying claims. 
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CLAIMS 

1. A method for switching data between a set of 
input bitstreams and a set of output bitstreams in a 

5 circuit switched time division multiplexed network, each 
of said bitstreams being divided into recurring frames 
and each of said frames being divided into time slots, 
said method comprising the steps of: 

receiving each one of said input bitstreams; 

10 temporarily storing frames of time slot data from 

said input bitstreams, wherein frames from different 
input bitstreams are stored , in respective memory means of 
a set of memory means; 

selectively reading, for each output frame of each 

15 one of said output bitstreams and sequentially in accor- 
dance with the order that said time slot data are to be 
transmitted in the respective output frame, time slot 
data from the frames temporarily stored in said set of 
memory means ; and 

20 transmitting said time slot data, as selectively 

read from said temporarily stored frames, into allocated 
time slots of said output bitstreams . 

2. A method as claimed in claim 1, wherein said 

25 selectively reading of time slot data for a bitstream of 
said output bitstreams is performed independently of the 
selectively reading of time slot data for other bit- 
streams of said output bitstreams. 

3 0 3. A method as claimed in claim 1 or 2 , wherein said 

step of temporarily storing comprises temporarily storing 
time slot data from respective recurring time slot 
positions in the sequences of time slots of said input 
bitstreams in respective time slot data entries of said 

3 5 memory means . 
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4. A method as claimed in claim 1, 2, or 3 , wherein 
said step of selectively reading comprises the steps of: 

reading, for sequential time slots of a frame of a 
bitstream of said output bitstreams, respective provided 
5 identifications of time slot data entries of said set of 
memory means, said time slot data entries providing time 
slot data for said time slots; and 

selectively reading, for said time slots of said 
frame, time slot data from said time slot data entries 
0 based upon said identifications. 

5 . A method as claimed in any one of the preceding 
claims, comprising the steps of receiving an additional 
bitstream and reading, for a time slot of a frame of at 

.5 least one bitstream of said output bitstreams, said time 
slot being allocated to receive time slot data from said 
additional bitstream, time slot data from said additional 
bitstream based upon an identification indicating that.- 
said time slot is arranged to receive time slot data from 

10 said additional bitstream. 

6 . A method as claimed in amy one of the preceding 
claims, comprising the step of providing each time slot 
of a frame of each one of said output bitstreams with an 

25 identification designating whether or not the respective 
time slot of said output bitstreams is to receive time 
slot data from any one of said input bitstreams and, if 
so, from which time slot data entry of said memory means 
that said time slot data is to be collected. 

30 

7. A method as claimed in claim 6, comprising the 
step of providing a set of identification updates and 
associated timing information relating to when said iden- 
tifications are to be updated using said identification 

3 5 updates, and updating said identifications with said set 
of identification updates at the timing designated by 
said associated timing information. 
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8 . A method as claimed in any one of the preceding 
claims, comprising the steps of, for each one of said 
input bitstreams, detecting a frame synchronization 
5 signal and, based thereupon, synchronizing said temporary 
storing of frames into the respective memory means of 
said set of memory means . 

9 . A method as claimed in any one of the preceding 
10 claims, comprising the steps of, for each one of said 
output bitstreams, determining a frame synchronization 
and, based thereupon, synchronizing said selective 
reading of time slot data and the transmitting thereof 
into the respective output bitstream. 

15 

10. A method as claimed in any one of the preceding 
claims,- wherein said step of temporarily storing compri- 
ses temporarily storing three sequential frames of each 
one of said input bitstreams . 

20 

11. A method as claimed in claim 10, comprising the 
step of indicating, at each given point in time, which 
ones of the temporarily stored three sequential frames of 
each one of said input bitstreams that are currently 

25 being written into storage. 

12. A method as claimed in claims 10 or 11, compris- 
ing the step of indicating, at each given point in time, 
which ones of the temporarily stored three sequential 

3 0 frames of each one of said input bitstreams, that are 
currently used for the selective reading of time slot 
data for said output bitstreams. 

13. A method as claimed in any one of the preceding 
3 5 claims, wherein channels on said bitstreams are defined 

by a respective set of time slots in each frame of the 
respective bitstream, said time slots being dynamically 
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allocated based upon dynamically changing capacity 
requirements of the nodes of the network. 

14 . An apparatus for switching data between a set of 
5 input bitstreams and a set of output bitstreams in a 

circuit switched time division multiplexed network, each 
of said bitstreams being divided into recurring frames 
and each of said frames being divided into time slots, 
said apparatus comprising: 
10 input means (21-24; 210) for receiving each one of 

said input bitstreams; 

a set of memory means (31-34; 300), each memory 
means being arranged for temporarily storing frames of a 
respective bitstream of. said input bitstreams; 
15 means (45-48, 55-58; 310, 320, 370, 380) for selec- 

tively reading, for each output frame of each one of said 
output bitstreams and sequentially with respect to the 
order that said time slot data are to be transmitted i-n 
the respective output frame, time slot data from frames 

2 0 temporarily stored in said set of memory means; and 

output means (5-8; 330) for transmitting said time 
slot data, as selectively read by said meanis for 
selectively reading, into allocated time slots of said 
output bitstreams. 

25 

15. An apparatus as claimed in claim 14, wherein 
said means for selectively reading is provided to perform 
reading of time slot data for a bitstream of said output 
bitstreams independent of the selective reading of time 

3 0 slot data for other bitstreams of said output bitstreams. 

16. An apparatus as claimed in claim 14 or 15, 
wherein said means for selectively reading comprises a 
set of reading means, each reading means being arranged 

3 5 to read time slot data for a respective bitstream of said 
output bitstreams . 
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17. An apparatus as claimed in claim 14, 15, or 16, 
wherein each memory means of said set of memory means 
comprises a plurality of time slot data entries and 
wherein each time slot data entry of a memory means of 
5 said set of memory means is arranged to store time slot 
data from a respective recurring time slot position in 
the sequence of time slots of the input bitstream that is 
associated with said memory means. 

10 18. An apparatus as claimed in claim 14, 15, 16, or 

17, wherein said means for selectively reading comprises 
means (10; 55-58; 370) for providing, for each one of 
said output bitstreams, and for those time slots thereof 
that are allocated to receive time slot data from said 

15 input bitstreams, respective identifications of time slot 
data entries of said set of memory means , wherein said 
means for selectively reading are arranged to read time 
slot data for said time slots from said time slot data 
entries in accordance with said identifications. 

20 

19. An apparatus as claimed in any one of claims 14 
to 18, comprising means. (320) for receiving an additional 
bitstream and means (10; 55-58; 370) for providing a time 
slot of a frame of at least one bitstream of said output 

25 bitstreams, said time slot being allocated to receive 
time slot data from said additional bitstream, with an 
identification related to said additional bitstream for 
the provision of time slot data therefrom, wherein said 
means for selectively reading is arranged to read time 

3 0 slot data for said time slot from said additional 
bitstream based upon said identification. 

20. An apparatus as claimed in claim 18 or 19, 
wherein said means for providing identifications is 

3 5 arranged to provide each time slot of a frame of each one 
of said output bitstreams with an identification designa- 
ting whether or not the said time slot is to receive time 
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slot data from any one of said input bitstreams and, if 
so, from which time slot data entry, of said set of 
memory means, that said time slot data is to be read, 

5 21. An apparatus as claimed in claim 18, 19, or 20, 

comprising: means (430) for storing a set of identifica- 
tion updates and for storing associated timing informa- 
tion (420) as to when said identifications are to be up- 
dated using said identification updates; and means (410) 
10 for updating said identifications using said set of 

identification updates at the timing designated by said 
associated timing information. 

22. Apparatus as claimed in any one of claims 14-21, 
15 comprising input frame synchronization means (210) for 

detecting frame synchronization signals for each respec- 
tive one of said input bitstreams and for synchronizing, 
based upon said frame synchronization signals, said* 
temporary storing of frames into respective memory means 
20 of said set of memory means. 

23 . An apparatus as claimed in any one of claims 14- 

22, comprising output frame synchronization means (330) 
for determining frame synchronization for each respective 

25 one of said output bitstreams and for synchronizing, 

based thereupon, the selective reading of time slot data 
from said set of memory means and the transmitting 
thereof into the respective output bitstream. 

30 24. An apparatus as claimed in any one of claims 14- 

23, wherein each one of said memory means comprises three 
frame storage areas (31a-31c, 32a-32c, 33a-33c, 34a-34c; 
300a-300c) for sequentially and temporarily storing three 
sequential frames of the respective input bitstream. 

35 

25. An apparatus as claimed in claim 24, comprising 
write pointer means (100; 250) designating, at each given 
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point in time, which frame storage areas, of said set of 
memory means, that are used for storing the frames that 
are presently being written from said input bitstreams 
into said set of memory means. 

5 

26. An apparatus as claimed in claim 24 or 25, 
comprising read pointer means (100; 380) designating, at 
each given point in time, which frame storage areas, of 
said set of memory means, that are currently used for the 
10 selective reading of time slot data for said output bit- 
streams . 



27 . An apparatus as claimed in any one of claims 14- 

26, comprising means (13; 104) for momentarily offsetting 
15 the designation provided by said read pointer means for a 

time slots of said output bitstreams in order to read 
time slot data for said time slot from another frame 
storage area than the one designated by default by said 
read pointer means . 

20 

28. An apparatus as claimed in any one of claims 14- 

27, wherein said memory means comprises a random access 
memory with multiple read ports. 
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